In the context of increased pharmaceutical innovation deficits and Big Pharma blockbusters' patent expirations, this paper examines the moderating role of firms' absorptive capacity in external innovation activities of Big Pharma firms. The study indicates a rising interest of Big Pharma in acquisitions of and alliances with biotechnology companies. Unfortunately, this increased interest is not reflected in the number of new drugs generated by Big Pharma. We find that acquisitions of biotech companies have negatively affected Big Pharma firms' innovation performance on average but these acquisitions might have a positive effect at higher levels of acquiring firms' absorptive capacity. Moreover, also acquisitions of pharma companies and alliances with biotech companies only have a positive effect on innovation performance at sufficiently high levels of absorptive capacity. The moderating role of absorptive capacity implicates that a tight integration of internal R&D efforts and (unrelated) external knowledge is crucial for harnessing complementarity effects.
Introduction
The pharmaceutical industry is one of the most research-intensive industries, with average new product development (NPD) trajectories of 11.9 years [1, 2] . For the past decade the industry has been coping with a growing "productivity gap" [3, 4] or "productivity paradox" [5] , which is generally described as a decrease in new products launched versus an increase in research and development (R&D) expenditures [6] . These increased expenses appear to be related to an increasingly rigid regulatory environment and higher quality demands [7, 8] . In addition, patent expiry on numerous blockbuster drugs, also referred to as the "patent cliff", and consequent generic competition is currently affecting the industry, eroding $billions in annual sales [9] . Although the decrease in pharmaceutical productivity is controversial [8] , the combination of challenges that are involved has serious ramifications for maintaining the seems to be crucial as well [24] .Furthermore, in the context of open innovation [25] and exploration and exploitation [26] as it applies to the (bio)pharmaceutical industry [27, 28] , three important innovation activities are internal R&D efforts, engaging in alliances, and engaging in M&As. Finally, this theory draws upon real option theory, which predicts that firms learn through an alliance and will acquire its alliance partner when the alliance turns out to be a success [29] [30] [31] [32] . [20] on the one hand, and acquisitions of pharmaceutical companies on the other hand. We argue that pharma companies are more related to Big Pharma firms, in terms of business logic, knowledge, technologies and NPD; than biotech companies. Therefore, in this paper, biotech companies are considered relatively unrelated to the incumbent pharma firms.
Incumbent (pharma) firms and biotech companies make alliance and acquisition deals to reach their respective goals. Biotech companies want to ensure their short-term survival by accessing financial resources, sharing the high risks associated with drug development and ultimately gaining market access. In contrast, pharmaceutical firms intend to acquire product candidates with blockbuster potential to fill gaps in their pipeline [33, 34] . Although the blockbuster model is being increasingly questioned by firms themselves [5] , the strong focus on the short-term commercial exploitation of high-potential products appears to resonate in the strategies of firms. As a result, firms generally target profitable or later clinical stage biotech companies. Although early stage companies are less expensive to acquire, they are typically more distant from becoming profitable and thus are less appealing [35] . The targets also tend to be acquired for only one or a few products from their pipeline [36] , resulting in a frequent writeoff of acquired in-process R&D.
targets have more diverging knowledge bases or are more dissimilar in size [42] . So, especially for unrelated acquisitions, where the assimilation and application of newly acquired knowledge are likely to be resource consuming and can be counter-productive [43] , the effects are found to be negative [44] [45] [46] [47] . In many cases acquisitions also fail due to other reasons such as resistance to change and the not invented here (NIH) syndrome [48] .
Compared to acquisitions, different dynamics play a role in alliances, and hence different management capabilities are needed to adequately exploit innovation accessed through strategic alliances [49] . There are various types of strategic alliances, in this paper we include 'joint ventures' (JVs), 'in-license deals', 'funding of external R&D projects', and 'collaborative R&D agreements' as alliances, if they were considered to be directly relevant for NPD. Alliances are often engaged prior to M&As [50] , presenting the opportunity of 'cherry-picking' at a relatively low cost before committing to all assets of a target company [37, 51] . However, the extent to which alliances have positive effects on innovation performance is highly dependent on various factors, such as the relatedness of the knowledge bases of involved firms, the intensity of collaboration, and optimal alliance networks [37, 46] . Especially relatedness may be an important factor and positive effects of alliances may be greater for related alliances as opposed to unrelated alliances. Distinguishing between biotech and pharma alliances, Deeds and Hill [41] , however, find no significant differences in innovation performance between both types of alliances.
The moderating role of absorptive capacity
Absorptive capacity is originally defined by Cohen and Levinthal [52] as a firm-level construct regarding a firm's ability 'to recognize the value of new, external knowledge, assimilate it, and apply it to commercial ends' (p. 128). They suggested that absorptive capacity is largely a function of the firm's level of prior related knowledge, and that it is critical to the firm's innovative capabilities. In various studies, a firm's internal R&D investments is considered to be a proxy for its absorptive capacity [52] [53] [54] [55] [56] [57] [58] [59] [60] and appears to be a contingency variable that critically influences the relationship between external R&D strategies and innovation performance [61] [62] [63] . In particular R&D acquisitions are complementary innovation activities at higher levels of internal R&D investments (i.e. higher expenditures on internal R&D, absolute or relative to sales), while at lower levels, internal R&D and acquisitions turn out to be substitutive strategic options. This might especially be true for related acquisitions as literature typically suggests that creating economies of scale and scope require a high level of technology-and marketrelatedness [37, 64] . Accordingly, Zahra and Hayton [53] find positive significant interaction effects of related acquisitions and absorptive capacity on both firms' ROE (return on equity) and revenue growth. Building upon these arguments, we derive the following hypothesis:
Hypothesis 1a: Absorptive capacity has a positive moderating effect on the relationship between pharma acquisitions and Big Pharma firms' innovation performance.
Pisano [65] explained that the rapid internalization of biotechnological R&D through acquisitions is likely to be an undesirable model. He argued that acquiring biotech SMEs can be particularly dangerous when used to overcome internal deficits. Acquiring biotechnology companies is only recommended after sufficient accumulation of in-house R&D experience [65] [66] [67] . Correspondingly, Miyazaki [68] has reported negative effects in high-tech industries when firms choose between either high levels of internal R&D (i.e., 'making') or external growth strategies involving M&As (i.e., 'buying').
Although, as H1a suggests, complementarity between internal and external R&D often depends on relatedness [37, 64, 69] , positive, but mostly non-significant, interaction effects of internal R&D activity and unrelated knowledge acquisitions have been found as well [53, 70] .
In such cases, innovation management requires a tight integration of internal and external knowledge to capture the positive effects each innovation activity has on the marginal return of the other [69] . It seems that increased absorptive capacity (i.e. internal R&D) could positively moderate the effects of unrelated acquisitions on firms' innovation performance. As such, the following hypothesis is suggested:
Hypothesis 1b: Absorptive capacity has a positive moderating effect on the relationship between biotech acquisitions and Big Pharma firms' innovation performance.
A very fundamental difference between alliances and acquisitions lies in the degree of ownership between the parties involved. While larger firms can play a dominant role, the ownership of external R&D remains with the other firm, resulting in a lack of ownership advantages that could be essential in creating complementarity between internal and related external R&D. The choice between internal R&D and related alliances is influenced by whether they are complements or substitutes which, ultimately, rely on whether synergies exist between them [71] and the R&D governance mode choice appears to be an important contingent variable in this regard [72] . Due to a higher degree of separation in terms of ownership and governance between internal R&D and external alliances, firms are more likely to choose M&As over alliances with increased relatedness [72] . For alliances, there seems to be an optimum as neither too much nor too little relatedness contributes to firm innovation [73] . Related alliances and internal R&D may be substitutable, so that the marginal benefit of pharma alliances could decrease with higher levels of internal R&D investments. This would lead to a negative moderating effect of absorptive capacity (substitution). Whereas Zahra and Hayton [53] find a positive moderating role of absorptive capacity on the financial effects of related alliances, Berchicci [74] also finds a substitution effect between a firm's internal R&D capacity and external R&D through licensing, alliances and technology agreements with other firms. Given these findings, a substitution effect between internal R&D and related external innovation through alliances may be expected in the context of this study as well. The following hypothesis is formulated.
Hypothesis 2a: Absorptive capacity has a negative moderating effect on the relationship between pharma alliances and Big Pharma firms' innovation performance.
The effects of unrelated alliances on firms' innovation performance, on the other hand, could be enhanced by firms' absorptive capacity. Laursen [75] explains that the inherent tensions and conflicts between exploratory and exploitative activities may call for organizational separation of these activities within firms. Perhaps a higher degree of separation in governance between the (more explorative) activities of biotechnology firms and the (explorative and exploitative) activities of pharmaceutical firms can result in increased complementarity effects on innovation when internal pharmaceutical R&D interacts with biotech R&D through strategic alliances. Correspondingly, Lavie et al. [76] explain how inter-organizational R&D alliances may involve varying degrees of basic research and incremental development in which they recognize intermediate activities that combine new knowledge development and the leveraging of prior knowledge. Increased internal explorative R&D might enhance effects of partnerships with unrelated innovation on a firm's innovation performance. This corresponds with positive and significant empirical findings from existing literature [53, 54, 70] , offsetting possible negative effects from opportunism in unrelated alliances. Considering this, the following hypothesis is suggested:
Hypothesis 2b: Absorptive capacity has a positive moderating effect in the relationship between biotech alliances and Big Pharma firms' innovation performance.
Alliances may be created as a means to learn about the effectiveness of a partner prior to an acquisition. Real options theory predicts that the option to acquire the alliance partner will only be executed when circumstances are favorable [29] [30] [31] [32] . In our case, favorable outcomes can be interpreted as success in terms of innovation. When the outcome of the alliance is unfavorable (yet), the alliance will be continued or dissolved. As a result, an acquisition that follows an alliance provides the acquirer with useful experience and such an acquisition is expected to have a positive effect on innovation performance. Hence, we propose the following hypothesis.
Hypothesis 3: Acquisitions that follow an alliance have a positive effect on Big Pharma firms' innovation performance.
Methodology
In this study, we collect data related to all incumbent pharmaceutical firms, together known as Big Pharma. As shown in 
Measures
Innovation performance. Abundant previous studies have used both input measures (e.g., R&D expenditures) and output measures (e.g., product introductions) to study innovation performance. According to De Man and Duysters [37] , output measures are generally preferred over input measures and are also expected to provide the most accurate measure of innovation performance, particularly when estimating the effects of M&As. Accordingly, an output measure was used for the analysis in this study.
The Center for Drug Evaluation and Research (CDER) distinguishes eight different chemical classes of new drug approvals (NDAs), of which the first class concerns new molecular entities (NMEs); defined as drugs that contain an active moiety that has never been approved by the FDA or marketed in the US. This class has been used in the literature as a measure for pharmaceutical innovation performance [11, [77] [78] [79] [80] . In addition, products generated by biotechnologies such as recombinant DNA technology are registered as Biologic License Applications (BLAs), governed by the Center for Biologics Evaluation and Research (CBER).
The total number of NMEs and BLAs generated by the Big Pharma firms and their subsidiaries during the studied period, as depicted in Fig 1, was used as the dependent variable in this study. The data was obtained from the online databases of the FDA, CDER, and CBER.
NMEs and BLAs generated by firms prior to their merger were included in the analysis. NMEs and BLAs generated by subsidiaries that remained active were only included after the respective acquisition, and only if the subsidiary also engaged in alliances and acquisitions prevalent in our dataset. Subsequently, we excluded NMEs and BLAs with the same name, applicant and approval date as a previous one. These occur due to multiple registrations according to different dosages or delivery methods. A total number of 318 NMEs and BLAs were included in the analysis (S1 File).
The focus was on US approvals because the USA is the largest market for pharmaceuticals and biotech products and accounts for more than 50% of global pharmaceutical sales [81] and any firm that generates new drugs would take advantage of this market.
Acquisitions. From ThomsonReuters SDC Platinum M&A database, an initial total number of 1,205 mergers and acquisitions was gathered for the 12 firms (Fig 1) . This dataset was analyzed per entry in order to properly categorize and include or exclude individual acquisitions. As discussed earlier, this study does not focus on large-scale M&As, as depicted in Fig 1 (transaction values over $10 billion); therefore, these were excluded from the analysis, and all minority stake acquisitions were also excluded. For mergers of firms that both acquired smaller companies during the studied period, acquisitions were added together. Subsequently, it was determined whether acquisitions were directly relevant for NPD, possibly leading to either an NME or a BLA. On the basis of this premise, acquisitions of (research) services companies and medical devices/diagnostic product companies were excluded from the analysis.
The remaining acquisition targets were subsequently categorized either as being biotechnology companies or pharmaceutical companies. This categorization was mainly based on the respective target company's lead product(s) in development. Information from the deal synopsis as included in the database was used in combination with additional searches for company websites and profiles on websites (e.g. Bloomberg's businessweek.com). The criteria used for distinguishing pharma companies from biotech companies resemble those described in existing literature [82] [83] [84] [85] . Targets were considered to be pharmaceutical companies if their products (in development) mainly concerned small molecule drugs and/or the companies used more traditional drug discovery methods for lead generation. For biotech targets, consistent with literature [18, 82] , we identified different types in our dataset. We only included Chiesa and Chiarioni's [82] description of "core biotech companies", which include "product biotechs", "drug agent biotechs", and "platform biotechs". Targets were considered to be biotech companies if their products (in development) concerned products of biotechnologies (e.g. recombinant proteins, antibodies) or platform biotechnologies (relating to gene therapy or cell therapy, for example).
After these exclusion steps a total of 568 acquisitions were included in the analysis (S2 File), of which 290 acquisitions of pharmaceutical companies (i.e. Pharma Acquisitions) and 278 acquisitions of biotechnology companies (i.e. Biotech Acquisitions).
Alliances. With the first inquiry, a total of 2,878 alliances were extracted from ThomsonReuters SDC Platinum alliances and joint venture database. This dataset was again analyzed per entry, using similar exclusion criteria as described above. Again, alliances of firms that merged during the studied period were added together. First, the type of alliance was considered and 'alliances for services', 'out-licensing', 'marketing alliances', 'out-sourcing', and 'manufacturing alliances' were excluded from the analysis. As a consequence, only 'joint ventures' (JVs), 'in-license deals', 'funding of external R&D projects', and 'collaborative R&D agreements' were included, if these were considered to be directly relevant for NPD (i.e. marketing or manufacturing JVs were also excluded). In addition, these latter set of alliance types with (research) services and medical devices/diagnostic product partners were also excluded from the analysis, as such partners were again not considered to be directly relevant for NPD.
The remaining alliances were further categorized based on the alliance partner being either a biotechnology partner or a pharmaceutical partner. For this categorization the same criteria as described for the acquisition targets, were used. Similarly, this categorization was also based on the deal synopsis as provided by the SDC Platinum database or, if necessary, on additional online data.
After these exclusion steps a total of 1,270 alliances were included in the analysis (S3 File), of which 552 alliances with pharmaceutical companies (i.e. Pharma Alliances) and 718 alliances with biotechnology companies (i.e. Biotech Alliances).
Absorptive Capacity (ACAP). As stated by Zahra and Hayton [53] , several measures for absorptive capacity have been used in the literature, but the most popular measure is R&D spending, as a firm's internal R&D is the foundation of its absorptive capacity [52] . Similarly to Lin et al. [54] , we used a relative measure for R&D intensity, which was generated by dividing the R&D expenditures by the sales of the respective big pharma firms as shown in Fig 1. Both data on firms' R&D expenditures and sales was collected from ThomsonReuters' Datastream and these measures were added together for merged firms prior to their merger. The role of Absorptive Capacity was assessed by estimating effects of interactions with the acquisitions and alliances variables on firms' innovation performance. For the main effects this measure for R&D intensity was included as a control variable in models without firm dummies.
Size-Firms' size was included as a control variable, measured by the number of employees. This data was also obtained from Datastream. In the analysis a log transformation of this variable was generated.
Models and analysis. For the regression analyses, a panel dataset was used to estimate effects on the dependent variable, Innovation Performance it for firm i in year t. Independent variables were generated by creating stock variables for the measures as described above for firm i over the period from year t to t-5, hereby creating a time lag of 5 years (similar effects were found using lags of 4 and 6 years). This time lag was introduced to estimate the lagged effects of our independent variables, considering companies' stage in product development. A time lag of 5 years seems to be sufficient [86] , and a longer time lag would lead to a larger decrease in the number of observations. First, the main effects were estimated with a Poisson regression with robust standard error (SE) corrections, with and without firm fixed effects, including Absorptive Capacity i(t-t-5) and ln(Size) i(t-t-5) as control variables.
Subsequently, the moderating role of absorptive capacity was explored with a Poisson regression of the same models including interactions of absorptive capacity with the acquisitions and alliances variables, using the same time lags of 5 years. By using dummy variables, we control for time-specific and firm-specific effects. The hypotheses were tested using the following model: 
Results

Acquisitions and alliances
Over the studied period of 24 years (1990-2013), we do not observe a rise in the total number of acquisitions. However, pharmaceutical acquirers seem to have shifted their focus, with respect to the type of acquisition targets they acquire. Fig 3 shows an increase in Biotech Acquisitions and a decline in Pharma Acquisitions, as percentages of total acquisitions that were considered to be directly relevant for NPD. This trend supports the notion of increased investments in biotech by Big Pharma firms.
Regarding the total number of alliances, we observe a decline, decreasing from an annual average of 220 between 1990 and 1995 to an annual average of 55 between 2008 and 2013. Similar to the patterns regarding acquisitions, the results show that over the past 24 years, firms have developed an increasing preference for collaborations in which they gain access to biotech products and platform technologies (Fig 4) . This result is not surprising, as many acquisitions, especially small-scale acquisitions, are preceded by alliances and collaborations [50] . These trends regarding acquisitions and alliances correspond to the trends that have been reported in other studies [20, 21] .
Innovation performance
The total number of NMEs and BLAs generated by Big Pharma was used as the measure for innovation performance of these firms. In correspondence with existing literature [8, 17, 19] , these measures show a rather static pattern for both Big Pharma and the entire industry (Fig 5) .
Based on these numbers, Big Pharma accounts for close to 50% of all NME approvals over the studied period of 24 years (1990-2013) . Considering the vast increases in R&D spending, these results are considered representative for the productivity gap as described in literature [5, 6, 87, 88] .
Main effects
The descriptive statistics for all variables are provided in Table 1 . We observe an expected positive correlation between the control variable, Size, and the dependent variable, Innovation Performance.
In addition, Size correlates with all acquisitions and alliances variables, which is not surprising as larger firms would also be able to engage in more acquisitions and alliances. Interestingly, there is no significant correlation between Absorptive Capacity (i.e. R&D intensity) and Size or Innovation Performance. And, Innovation Performance only correlates with Acquisitions and Pharma Acquisitions, in addition to Size, while Absorptive Capacity only correlates with Acquisitions, Biotech Acquisitions and Pharma Alliances. Table 2 displays the main effects without the use of firm dummies. Here, we show that the control variable Size is positive and significant in our models. In addition, Table 2 shows that Absorptive Capacity (i.e. R&D intensity) has a positive but non-significant effect on the innovation performance of Big Pharma firms. This provides empirical support for the previously described innovation paradox, where significant increases in R&D expenditures have not lead to increases in firms' innovation performance [5, 6] . Table 3 displays the main effects estimated with the Poisson regression analysis for the same models, including firm dummies (A negative binomial regression analysis provided similar results; not shown). Overall, acquisitions negatively affect the innovation performance of Big Pharma firms. This effect can be primarily attributed to the negative effect of Biotech Acquisitions as opposed to Pharma Acquisitions. These findings are consistent with the literature. Pharma Acquisitions also appear to be negative but are non-significant, which supports the notion that technologically related acquisitions are more beneficial for a firm's innovation performance than unrelated acquisitions.
In contrast to acquisitions and as expected, main effects of alliances positively affect innovation performance, primarily because of the positive and significant effect of Pharma Alliances, again illustrating the benefits of relatedness. There appears to be a negative but non-significant relationship between Biotech alliances and Innovation performance. Nevertheless, alliances with biotech partners outperform acquisitions of these companies and may, therefore, be a more preferred strategy, in particular when considering the moderating effects of firms' absorptive capacity.
Interaction effects
The moderating role of Absorptive capacity is shown in Table 4 . Although the interaction effect with acquisitions is not significant, it is positive, while the main effect is negative and significant. Absorptive capacity seems to predominantly moderate the effects of related acquisitions, given that the interaction with Pharma acquisitions is positive and significant, which provides empirical evidence for hypothesis 1a. On the other hand, the interaction with Biotech acquisitions is positive but not significant, suggesting that absorptive capacity does play a moderating role here, neutralizing the negative main effect of biotech acquisitions. However, this effect is not significant, providing insufficient support for hypothesis 1b. For alliances, overall, Absorptive capacity seems to negatively moderate their positive main effect. However, this seems to be caused by a stronger negative and significant interaction effect of Absorptive capacity and Pharma alliances, while the interaction of Absorptive capacity and Biotech alliances is positive and significant. These results support hypotheses 2a and 2b.
Alliances as real options
Considering hypothesis 3, Table 5 shows regression results where a distinction was made between acquisitions with experience (acquisitions where there was a previous alliance between the acquirer and the target) and acquisitions without experience. Approximately 21% of all the acquired companies in the dataset engaged in an alliance with the acquirer prior to the acquisition. For the combined measure of innovation performance (NMEs and BLAs) as dependent variable we find a significantly negative effect of acquisitions without partner specific experience, but we did not find a positive effect for partner specific experience. However, after examining NMEs and BLAs as separate dependent variables, we find that partner specific experience tends to have a positive, but non-significant, effect on innovation performance Year dummies and firm dummies are included, and most are not significant (not shown). * Statistically significant at the 5% level. ** Statistically significant at the 1% level.
*** Statistically significant at the .1% level.
doi:10.1371/journal.pone.0172488.t003
when considering biologics (BLAs), which include most biotechnological products (e.g. recombinant proteins, antibodies, recombinant vaccines). Thus, experience through alliance prior to acquisitions seems to benefit the effects of acquisitions on the acquirers' innovation performance more when it concerns biologics output. Though the positive effect that is found for acquisitions with experience in the case of BLAs is not significantly different from zero, it is significantly different (at the 5% level) from the effect found for acquisitions without experience. For NMEs, the negative effect of acquisitions on innovative performance persists, Year dummies and firm dummies are included, and most are not significant (not shown). * Statistically significant at the 5% level. ** Statistically significant at the 1% level.
doi:10.1371/journal.pone.0172488.t004 Year dummies and firm dummies are included, and most are not significant (not shown). * Statistically significant at the 5% level.
doi:10.1371/journal.pone.0172488.t005
regardless of whether the acquisition was preceded by an alliance or not. Overall, we do not find support for hypothesis 3.
Conclusions and discussion
In this study we show that acquisitions of biotech companies have an overall negative effect on Big Pharma firms' innovation performance. However, the level of these firms' absorptive capacity, which is characterized by a relative measure for in-house R&D investments, is a contingency variable that critically influences the relationship between some external innovation activities and Big Pharma firms' innovation performance. In particular, acquisitions of both pharma and biotech companies are complementary innovation activities at higher levels of absorptive capacity (threshold at ACAP > 0.16 (p < .000) for pharma acquisitions and at ACAP > 0.29 (p < .005) for biotech acquisitions), whereas the general effects of these acquisitions appear to be negative. Noteworthy, pharma acquisitions outperform biotech acquisitions in this regard, illustrating the known influence of technology-and market-relatedness. In addition, we show that the same complementarity exists between biotech alliances and absorptive capacity, while pharma alliances' main effect is positive but these alliances turn out to be substitutive strategic options at higher levels of absorptive capacity. Experience with acquisition targets through a previous alliance may also significantly weaken the negative effect on innovation performance. Given the current innovation deficits Big Pharma is confronted with, this study indicates that Big Pharma firms may have neglected internal R&D efforts because of the promising expectations of the biotech revolution. Apparently, firms have relied on biotech companies for innovation and may have underestimated the need for an emphasis on internal R&D, absorptive capacity, and post-acquisition integration. We show that optimal gain from external technologically unrelated innovation, either through acquisitions or alliances, is contingent upon these closely related constructs; and when underemphasized, effects of engaging with external biotech innovation can be detrimental to a pharmaceutical firm's innovation performance.
Although literature mostly attributes the M&A strategy of incumbent firms to their drying pipelines and need for innovation, the negative main effects of biotech acquisitions could also be explained by differences in acquisition motives. Schweizer [33] indicates that M&A strategies certainly differ and that an understanding of the motives behind them is important for the successful implementation of different types of acquisitions. Moreover, Ahuja and Katila [47] acknowledge that technological reasons do not motivate all acquisitions. Other motives may include the desire to obtain access to distribution channels, to gain entry into new markets, or to obtain financial synergies or market power [47] . Furthermore, Ahuja and Katila [47] argue that such acquisitions cannot be expected to improve an acquiring firm's innovation performance. Moreover, R&D replenishment in the short-term or other short-term motives, such as the ability to enter new biotechnology markets or enhance short-term competitive advantages, could be driving the spur of acquisitions of biotechnology companies, which could not reasonably be expected to resort real benefits to innovation performance.
Where general effects of acquisitions on innovation performance are mainly negative, effects of alliances are mainly positive. Alliances with either related or unrelated partners may be subject to differences in tensions between, for example, vigilance and trust, control and autonomy, design and emergence, innovation and replication, and exploration and exploitation, referring to dialectical theory [89] [90] [91] . Such tensions can strengthen an alliance and increase its likelihood of success; however, they can also lead to alliance instability and consequent negative effects. These tensions could thus influence internal R&D processes and, consequently, the interaction effects with internal R&D intensity on a firm's performance. In this regard, technology relatedness seems to be an important factor as higher levels of absorptive capacity (i.e. R&D intensity) are complementary with biotech alliances but substitutable with pharma alliances.
A related explanation for the negative interaction effect of alliances with pharma companies is that a large number of such partners could lead to more interference and reconciliation issues regarding strategy and thus internal R&D processes. Governance mode choice in interfirm cooperation [72, 92] may be important here as well as, in contrast, interaction effects of pharma acquisitions and absorptive capacity are positive. We argue that this difference may be attributed to potential ownership advantages of acquirers during acquisitions and post-acquisition integration, where the acquirer exerts a more dictating role, fitting the acquired assets into its own strategy and R&D focus.
Implications
For future pharmaceutical productivity and business model innovation [93] , it is essential that acquired biotechnology companies, once integrated, form a complementary force with internal pharmaceutical R&D efforts, even when companies are acquired for reasons other than R&D replenishment and NPD. Other researchers have concluded that focusing either on accumulating internal R&D but not exploring external opportunities or on continuously acquiring but not assimilating new knowledge will negatively affect innovative performance [68, 94] . A delicate balance must be found between the 'make' and 'buy' strategies [68] , and ideally a focus on both is most beneficial as capabilities associated and developed by putting effort in the 'make' increase absorptive capacity necessary to optimally leverage the 'buy' [67] . In addition to a balance between 'make' and 'buy', a similar balance between 'make' and 'collaborate' is equally important and may vary for different types of partners and targets. Thus, a tight integration of externally acquired knowledge and internal R&D efforts is crucial for harnessing potential complementarity effects [69] . This encompasses an important firm level implication regarding R&D management, emphasizing the importance of this integration, especially with respect to technologically unrelated companies. For affairs with related companies, firms are best to focus on gaining governance control over external R&D through acquisitions as this can work complementary to internal R&D efforts. Without such control, this cooperation with external related companies will be substitutable with internal R&D efforts.
Fetterhoff and Voelkel [95] describe the management of open innovation activities in the context of biotechnology by proposing a five-stage value chain: 1) 'seeking' opportunities, 2) 'evaluating' the market potential of an opportunity, 3) 'recruiting' potential partners, 4) 'capturing' value through rapid commercialization, and 5) 'extending' the innovation (i.e., working collaboratively to generate additional innovation and develop collaboration beyond the life cycle of a given product). From the firm perspective, this five-stage process represents a process of integrating external explorative innovation, adequately exploiting that innovation, and eventually further 'extending' the innovation in an explorative manner. Absorption and diffusion of innovation are dependent on the organizational structure in question [96] . Each stage offers an opportunity for value creation but also presents unique challenges requiring specific capabilities. Examining the results of this study, we suggest that large pharmaceutical firms often do not possess such specific capabilities. Moreover, pharmaceutical firms might not complete this value chain through the final step of 'extending' externally acquired innovation. Generating additional innovation beyond the life cycle of one or a few products requires exploratory capabilities and increases the value of the initially acquired innovation [95] .
The results in this study do not imply that firms should make fewer investments in biotechnologies. On the contrary, we believe that investment in and adequate exploitation of biotechnologies holds the future for pharmaceutical productivity, innovation and growth. However, we suggest that it is unwise to fully rely on acquiring biotechnology innovation alone, while neglecting to continuously invest in internal explorative R&D activities [67] , needed for increased absorptive capacity and post-acquisition integration capabilities. Investing in biotechnology requires a long-term perspective that includes future internal exploration and that will not be successful if the post-acquisition integration process is predominantly focused on shortterm innovation boosts and short-term profits. The motives behind acquisitions and alliances are important, as they may function as a predictor of the success of an acquisition or alliance and of whether such activity will positively affect innovation performance.
Limitations and further research
Our results should be interpreted with caution in view of the limitations of this study. Although the trends that are identified in our study are consistent with global industry trends, this study was conducted using data of the largest pharmaceutical firms of the past decades, which makes it difficult to generalize these results and conclusions throughout the industry, including smaller (bio)pharmaceutical firms. However, the purpose of this study was to investigate the processes pertaining to large incumbent pharmaceutical firms. Additional data related to smaller firms would have increased the amount of data but could have also obscured the effects that are mostly associated to Big Pharma firms' conduct of business. Furthermore, our dataset is quite substantial, as the Big Pharma firms account for more than 60% of global pharmaceutical sales over the past decade (see Fig 2) and have produced close to 50% of all approved NMEs and BLAs between 1990 and 2013.
Another limitation of this study is the extent to which we defined our categories. Perhaps additional categorization would reveal more nuances; for example, different therapeutic areas or types of products may be associated with different effects on innovation. In addition, in this study we used but one variable that could moderate general effects of acquiring innovation, while additional variables could also play an important role herein (e.g. measures for alliance or acquisition experience).
Noteworthy, this study was limited to analyzing a specific industry with a high-risk profile that is increasingly dependent on innovation from a still upcoming industry. As such, similar effects might be apparent in other industries with similar characteristics. Further research could examine such industries in a similar way to assess this. Another avenue of further research could be to study innovation performance from the perspective of the acquisition target, in this case the biotechnology company (for example see: Fernald et al. [92] ), as most related research has focused on the incumbent firm's perspective. Additional further research could include assessing, in detail, the determinants of the absorptive capacity of firms, and the necessary capabilities of optimal post-acquisition integration.
Finding a direct relation between innovative input and trends in output remains difficult. However, by implementing time lags of up to five years in the models, we have been able to measure significant differences in the effects of acquisitions and alliances on innovation. As data from before 1990 was not included, this study does not allow for an accurate measurement of long-term effects beyond five years. However, we show that acquiring biotechnology companies will not solve the innovation deficit in the next five years without continuous development of internal R&D. 
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